A finite-difference analysis is performed to study the effects of thermal radiation and chemical reaction on the transient MHD free convection and mass transform flow of a dissipative fluid past an infinite vertical porous plate subject to ramped wall temperature. The fluid considered here is a gray, absorbing/ /emitting radiation but a non-scattering medium. The dimensionless governing equations are unsteady, coupled and non-linear partial differential equations. An analytical method fails to give a solution. Hence an implicit finite difference scheme of Crank-Nicolson method is employed. The effect of the magnetic parameter (M), chemical reaction parameter (K), radiation parameter (F), buoyancy ratio parameter (N), Schmidt number (Sc) on the velocity field and skin friction for both air (P r = 0.71) and water (P r = 7) in the presence of both aiding (N>0) and opposing (N<0) flows are extensively discussed with the help of graphs. Key words: first order chemical reaction; MHD; free convection; viscous dissipation; ramped temperature; thermal radiation.
wall temperature. The validity and accuracy of the model is demonstrated by comparing with the existing results. Chandran et al. [7] have presented an analytical solution to the unsteady natural convection flow of an incompressible viscous fluid near a vertical plate with ramped wall temperature and they have compared the results with constant temperature. Saha et al. [8] investigated the natural convection boundary layer adjacent to an inclined semi-infinite flat plate subjected to ramp heating. The flow development from the start-up to an eventual steady state has been described based on scaling analysis and verified by numerical simulations. Recently Singh and Singh [9] analyzed transient MHD free convection flow near a semi-infinite vertical wall having ramped temperature.
Free convection flows occur not only due to temperature difference, but also due to concentration difference or the combination of these two. The study of combined heat and mass transfer plays an important role in the design of chemical processing equipment, nuclear reactors, formation and dispersion of fog etc. The effect of presence of foreign mass on the free convection flow past a semi-infinite vertical plate was first studied by Gebhart and Pera [10] . Soundalgekar [11] has studied mass transfer effects on flow past an impulsively started infinite isothermal vertical plate.
Dass et al. [12] considered the mass transfer effects on flow past an impulsively started infinite isothermal vertical plate with constant mass flux. Muthucumaraswamy et al. [13] presented an exact solution to the problem of flow past an impulsively started infinite vertical plate in the presence of uniform heat and mass flux at the plate using the Laplace transform technique.
Radiative heat and mass transfer play an important role in manufacturing industries for the design of reliable equipment. Nuclear power plants, gas turbines and various propulsion devices for aircraft, missiles, satellites and space vehicles are examples of such engineering applications. If the temperature of the surrounding fluid is rather high, radiation effects play an important role, and this situation does exist in space technology. England and Emery [14] have studied the thermal radiation effects of an optically thin gray gas bounded by a stationary vertical plate. Soundalgekar and Takhar [15] have considered the radiative free convective flow of an optically thin gray-gas past a semi-infinite vertical plate. Radiation effects on mixed convection along an isothermal vertical plate were studied by Hossain and Takhar [16] . Raptis and Perdikis [17] studied the effects of thermal radiation and free convection flow past a moving vertical plate. The governing equations were solved analytically. Dass et al. [18] have analyzed radiation effects on flow past an impulsively started infinite isothermal vertical plate. The governing equations were solved by the Laplace transform technique. Muthucumaraswamy and Janakiraman [19] studied MHD and radiation effects on moving isothermal vertical plate with variable mass diffusion. Rajesh and Varma [20] studied radiation and mass transfer effects on MHD free convection flow past an exponentially accelerated vertical plate with variable temperature. Recently, Rajesh and Varma [21] analyzed radiation effects on MHD flow through a porous medium with variable temperature or variable mass diffusion.
The study of heat and mass transfer problems with chemical reaction are of great practical importance to engineers and scientists because of their almost universal occurrence in many branches of science and engineering. A few representative fields of interest in which combined heat and mass transfer along with chemical reaction play an important role in chemical process industries such as food processing and polymer production. Chambre and Young [22] have analyzed a first order chemical reaction in the neighborhood of a horizontal plate. Dass et al. [23] have studied the effect of homogeneous first order chemical reaction on the flow past an impulsively started infinite vertical plate with uniform heat flux and mass transfer. Again, mass transfer effects on moving isothermal vertical plate in the presence of chemical reaction were studied by Dass et al. [24] . The dimensionless governing equations were solved by the usual Laplace Transform technique. Recently, Muthucumaraswamy [25] studied chemical reaction effects on a vertical oscillating plate with variable temperature.
On the other hand, Gebhart [26] showed that in steady free convection flow, the viscous dissipation heat cannot be neglected for fluids with high Prandtl number or flow at high gravitational field -or in rotational flow. Hence it is essential to know the effects of viscous dissipative heat on the transient free convective flow past an infinite vertical plate with a step--change in temperature. So, Soundalgekar et al. [27] studied the effects of viscous dissipative heat on the transient free convection flow past an infinite vertical plate with a step-change in plate-temperature. The problem governed by nonlinear coupled partial differential equations was solved by finite-difference method. Kishore et al. [28] studied the effects of thermal radiation and viscous dissipation on MHD heat and mass diffusion flow past a surface embedded in a porous medium. The study of flow of viscous fluid past vertical porous plate is also of importance in industrial applications. Free convection flow past a semi-infinite vertical porous plate was studied by many by considering both suction and injection. Notable amongst them are by Nanda and Sharma [29] , Singh [30] , who studied the effect of suction on the transient free convection flow past a vertical porous plate. Recently, Rajesh [31] studied MHD free convection flow past an accelerated vertical porous plate with variable temperature through a porous medium using Laplace transform technique.
The objective of the present paper is to analyze the effects of thermal radiation and first order chemical reaction on the unsteady MHD free convection and mass transform flow of an incompressible viscous dissipative fluid past an infinite vertical porous plate subject to ramped wall temperature. The equations of continuity, linear momentum, energy and diffusion, which govern the flow field, are solved by using an implicit finite difference method of Crank-Nicolson type.
MATHEMATICAL ANALYSIS
The unsteady flow of a viscous, incompressible and electrically conducting fluid past an infinite vertical porous plate, taking into account the effect of viscous dissipation, is considered. A transverse magne-tic field of uniform strength, B 0 , is assumed to be applied normal to the plate. The induced magnetic field is neglected as the magnetic Reynolds number of the flow is taken to be very small. The fluid considered here is a gray, absorbing/emitting radiation but a non--scattering medium. The flow is assumed to be in x'--direction which is taken along the plate in the vertically upward direction, and y'-axis is taken normal to the plate. Initially, for time t' ≤ 0, both the fluid and the plate are assumed to be at the same temperature T ∞ ′ and concentration C ∞ ′ . At time 0 t ′ > , the temperature of the plate is raised or lowered to: 
with the initial and boundary conditions:
, for all 0 y ′ ≥ and 0
For constant suction velocity ( 0
Eq. (1) integrates to:
The local radiant for the case of an optically thin gray gas is expressed by:
It is assumed that the temperature differences within the flow are sufficiently small that 4 T ′ may be expressed as a linear function of the temperature. This is accomplished by expanding 4 T ′ in a Taylor series about T ∞ ′ and neglecting the higher order terms, thus:
By using Eqs. (6) and (7), Eq. (3) reduces to:
On introducing the following non-dimensional quantities:
in Eqs. (1)-(4), leads to:
According to the above non-dimensionalisation process, the characteristic time 0 t can be defined as:
The initial and boundary conditions given by Eq. All the physical parameters are defined in the nomenclature.
Eqs. (10)- (12) are coupled non-linear partial differential equations and are solved by using initial and boundary conditions of Eq. (14) . However, exact or approximate solutions are not possible for this set of equations. And hence we solve these equations by an implicit finite difference method of Crank-Nicolson type for a numerical solution.
The equivalent finite difference scheme of Eqs. (10)- (12) is as follows:
Here, the suffix i corresponds to y and j corresponds to t. 1) Knowing the values of C, θ and u at a time t = j, calculate C and θ at time t = j + 1 using Eqs. (16) and (17) and solving the tri-diagonal linear system of equations.
2) Knowing θ and C at times t = j and t = j + 1 and u at time t = j, solve Eq. (15) (via tri-diagonal matrix inversion), to obtain u at time t = j + 1.
We can repeat steps 1 and 2 to proceed from t = 0 to the desired time value.
The implicit Crank-Nicolson method is a second order method ( ) ( ) 2 0 t Δ in time and has no restrictions on space-and time-steps, y Δ and t Δ , i.e., the method is unconditionally stable (Potter, 1973) . The finite differences scheme used, involves the values of the function at the six grid points. A linear combination of the "future" points is equal to another linear combination of the "present" points. To find the future values of the function, one must solve a system of linear equations, whose matrix has a tridiagonal form. and the procedure is repeated till y = 7. In order to check the accuracy of numerical results, the present study is compared with the available theoretical solution of Narahari and Anwar Beg (2009) and they are found to be in good agreement.
Skin friction
We now calculate from the velocity field the skin riction. It is given in non-dimensional form as:
Numerical values of τ (skin friction) are calculated by applying a fourth-order forward difference Newton's formula.
RESULTS AND DISCUSSION
In order to get physical insight into the problem, the numerical values of the velocity and skin friction are computed for different values of the physical parameters such as M (magnetic parameter), K (chemical reaction parameter), F (radiation parameter), N (buoy-( ) 
ancy ratio parameter), Sc (Schmidt number). The buoyancy ratio parameter, N, represents the ratio between mass and thermal buoyancy forces. When N = 0, there is no mass transfer and the buoyancy force is due to the thermal diffusion only. N > 0 implies that mass buoyancy force acts in the same direction of thermal buoyancy force, i.e., the buoyancyassisted case, while N < 0 means that mass buoyancy force acts in the opposite direction, i.e., the buoyancy-opposed. Figures 1 and 2 Figures 1 and 2 , it is observed that the velocity decreases with an increase in M for both air and water in the presence of aiding flows (N>0). This is because the application of transverse magnetic field will result in a resistive type force (Lorentz force) similar to drag force, which tends to resist the flow thus reducing its velocity. From Figure 2 , the velocity is observed to increase with an increase in M for water in the presence of opposing flows. From Figure 1, it is found that at t = 0.5, the velocity increases with an increase in M for air in the presence of opposing flows. But at t = 1.3, it decreases with an increase in M up to certain y (distance) and after the reverse effect is observed. Figures 5 and 6 illustrate the influences of F (radiation parameter) on the velocity field at t = 0.5 and 1.3 for both air and water in the presence of both aiding (N > 0) and opposing flows (N < 0). From Figure 5, the velocity is found to decrease with an increase in F for air in the presence of both aiding and opposing flows. From Figure 6 , it is found that at t = = 0.5, the effect of F (radiation parameter) on the velocity is negligible for water in the presence of both aiding and opposing flows. But at t = 1.3, the velocity is found to decrease with an increase in F up to certain y (distance) and after negligible effect is observed for water in the presence of both aiding and opposing flows. boundary layers. Therefore an increase in Sc will counter-act momentum diffusion since viscosity effects will increase and molecular diffusivity will be reduced. The flow will therefore be decelerated with a rise in Sc. But the reverse effect is observed in the presence of opposing flows (N < 0). Skin friction is studied in Figures 11-15 against time t. From Figure 11 , the skin friction is found to decrease with an increase in M (magnetic parameter)
for both water and air in the presence of aiding flows (N > 0). It is also found that the skin friction increases The temperature profiles for air (Pr = 0.71) and water (Pr = 7) are shown in Figure 16 . We observe from this figure that there is a fall in the temperature of air or water due to an increase in the value of the radiation parameter (F). The concentration profiles are plotted in Figure 17 . We observe from this figure that an increase in the value of the Schmidt number or the chemical reaction parameter leads to a decrease in the concentration profiles. The present study is compared with the available theoretical solution of Narahari and Anwar Beg (2009) in Figure 18 and they are found to be in good agreement. 
